Objective: The aims of this study were to evaluate the role of high resolution computed tomography of the torax in detecting abnormalities in chronic asthmatic patients and to determine the behavior of these lesions after at least one year.
High resolution computed tomography (HRCT) has become an invaluable tool in the detailed evaluation of the lung structure in vivo.
Recently, several authors have reported the appearances of the lungs on CT in asthmatic patients [1] [2] [3] [4] [5] [6] . In addition to the expected abnormalities, such as hyperinflation, mucoid impaction, acinar pattern, lobar collapse and bronchial wall thickening, some unexpected results emerged from these studies. Particularly surprising were the incidence of bronchiectasis (37 to 65%) 2, 3, 5 and emphysema (18%) 3 described in the chronic asthmatic patients in these series.
Paganin et al. were the only authors who reevaluated the patients after treatment 3 . Their purpose was to delineate the lesions on HRCT that were most likely to be reversible in acute asthma.
They obtained 2 CT scan examinations with a 2-week interval, and defined as irreversible those lesions that did not disappear in the second CT. Considering these criteria, they concluded that mucoid impaction, acinar pattern, and lobar collapse are reversible lesions, and bronchiectasis, bronchial wall thickening, and emphysema are irreversible abnormalities 3 . More recently, the criteria for diagnosing HRCT disturbances in asthmatic patients, particularly bronchial wall thickening and bronchial dilatation, have been criticized 2, 7 , since images suggestive of these abnormalities have been detected in healthy subjects.
The aims of this study were to further evaluate the role of HRCT in detecting abnormalities in chronic asthmatic patients and to determine the behavior of these lesions after at least one year.
SUBJECTS AND METHODS

Subjects
Fourteen patients with persistent asthma were studied. Three patients had moderate and 11 had severe asthma 8 . Patients were chosen for the study if they had undergone a highresolution CT scan of the thorax and lung function tests at least 12 months before the reevaluation (mean 512.2 + 141.3 days), and kept attending the outpatient clinic of our institution regularly. All patients had either reversible airway obstruction, i.e., 15% improvement in forced expiratory volume in 1-second (FEV 1 ) after bronchodilation or a positive histamine challenge test. None of the subjects had a history of bronchiectasis or allergic bronchopulmonary aspergillosis (as defined by means of positive Aspergillus precipitins). The study population had a mean age of 36.5 + 11.8 years. The mean duration of the asthma was 23.6 + 14.4 years. None of the patients tested were current or previous smokers. All the subjects were studied during remission on adequate therapy.
All patients underwent physiologic evaluation that included measurement of the forced expiratory volume in 1-second (FEV 1 ), forced vital capacity (FVC), single-breath diffusing capacity of the lung for carbon monoxide corrected for lung volumes (DLCO/VA), residual volume (RV), and total lung capacity (TLC). The pulmonary function testing was done on the same day as the CT scanning.
The study was carried out after informed consent of the patients, and approval by the Ethics Committee of our Institution was obtained.
Computed tomography
The CT scans were performed on a Philips -LX (Netherlands) scanner using high resolution technique. All scans were obtained at full inspiration. Thin CT sections of 1.5 mm were obtained through the lungs at 10 mm intervals using a scan time of 1.2 seconds. The high-resolution CT scans were reconstructed by using a highresolution algorithm and a matrix size of 512x512. The images were obtained and viewed at window levels of 800 HU and window width of 1200 HU.
The 2 scans of each patient were evaluated independently by 3 observers, and final interpretation was obtained by consensus. The scans were evaluated for evidence of emphysema 9, 10 , bronchial wall thickening 11 , bronchiectasis 2, 11 , mucoid impaction 11 , and "mosaic" appearance 12 . Three high-resolution CT sections were chosen for detailed analysis. The initial section evaluated was at the level of the hila, at or close to the upper lobe bronchi. Subsequent sections evaluated were 6 cm above and 6 cm below the initial section.
Statistical analysis
The difference in the level of pulmonary function tests between the two moments of the study was assessed using a two-sample t test.
RESULTS
The pulmonary function data in the two moments of the study are summarized in table 1. There was no statistically significant difference in the level of pulmonary function between the two moments.
The HRCT findings in the first and second evaluations are shown in table 2. We observed bronchial wall thickening in all patients in both CT. In the first CT, 65 (57.5%) of the 113 bronchi evaluated fulfilled the criteria for bronchial wall thickening, compared with 57 (72.1%) of 79 bronchi in the second CT.
On the first CT, 5 (36%) of the 14 asthmatic subjects had at least one dilated bronchus consistent with bronchiectasis. One patient had cystic bronchiectasis that was not seen on the second CT. A second patient had cylindrical bronchiectasis that persisted. A third patient had on the first CT a dilated bronchus in the middle lobe that failed to taper normally, which was consistent with cylindrical bronchiectasis. In the follow-up CT, this dilated bronchus became normal. In the other 2 patients, the diameters of dilated bronchi were slightly greater than that of the accompanying artery in the first CT. In one of these patients, the bronchial diameter was considered normal in the second CT, and in the other, the dilated bronchi were less prevalent than in the previous CT.
Emphysema was not observed in any of the patients, with the exception of one patient where a minimal persistent area of paraseptal emphysema was detected in the right apex.
In 3 patients, a "mosaic" appearance was observed on the first scan and this persisted on the follow-up CT (Fig.  1) . Two patients had persistent areas of mucoid impaction. In a third patient, mucus plugging was detected only on the second CT.
The detailed analysis of the three sections of the HRCT from each patient revealed that bronchial wall thickening was present in 65/113 bronchi (57.5%) on the first CT and in 57/79 (72.1%) on the second CT.
DISCUSSION
In this study, we found that moderate to severe persistent asthmatic patients have abnormalities in HRCT, such as bronchial wall thickening, bronchial dilatation, mucoid impaction, and a "mosaic" appearance. However, the bronchial lesions must be cautiously interpreted, since bronchial dilatation frequently was not persistent on the second scan obtained after at least a one-year interval.
Bronchial wall thickening is commonly seen on chest radiographs and CT scans in subjects with airway disease, presumably because of a combination of bronchial and peribronchial inflammation, muscular wall thickening, and peribronchial fibrosis 13 . However, the finding of mild bronchial thickening is subjective, and it may also be found in healthy subjects 2, 14 .
The prevalence of bronchial wall thickening in the asthmatic subjects studied by Paganin et al. 3 was 16% at HRCT. In contrast, the prevalence was 92% in the study reported by Lynch et al. 2 . In our study, bronchial wall thickening was detected in all patients on both evaluations. When individual bronchi were examined, there was bronchial thickening in 65/113 bronchi (57.5%) at the first CT and in 57/79 (72.1%) bronchi in the second evaluation. These discrepancies confirm the subjectivity of the finding of bronchial wall thickening and indicate that this finding cannot be considered diagnostic of airway disease or asthma.
The use of CT to diagnose bronchiectasis has been validated by several studies of subjects with suspected bronchiectasis who underwent both CT and bronchography [15] [16] [17] . The accuracy of these different studies varied depending on the technique and the type of bronchiectasis. The most commonly missed dilatations were those due to mild to moderate cylindrical bronchiectasis. Asthmatic subjects were excluded from most of the studies.
Autopsy studies have shown that 15 to 20% of patients dying with status asthmaticus have bronchiectasis, most commonly in the upper lobe 18, 19 . Surprisingly, the reported prevalence of bronchiectasis in studies done on asth- matics using CT is higher than that in the autopsy studies. Neeld et al. 5 found cylindrical bronchiectasis in 3 of 8 patients (37%) in their series without proven evidence of allergic bronchopulmonary aspergillosis (ABPA). Paganin et al. 3 observed bronchiectasis, mostly cylindrical, in 65% of 57 asthmatic patients. Lynch et al. 2 found that 36% of bronchi in asthmatic subjects without ABPA were larger than the accompanying pulmonary artery, and 77% of asthmatic subjects had one or more such bronchi. However, 19% of bronchi in control subjects also met the criteria for bronchial dilatation, and 59% of control subjects had one or more such bronchi. It is suggested that this prevalence of bronchial dilatation in subjects with asthma is due to bronchial destruction 3, 18, 19 . Also, it is possible that some asthmatic subjects without serologic evidence of ABPA might have subclinical ABPA, perhaps partially suppressed by steroids 5 . In the present study, 5 (36%) of our 14 asthmatic subjects had at least one dilated bronchus on the first HRCT. In only 2 of these patients did the abnormal bronchi remain unchanged on the follow-up CT. In the other patients, the images consistent with the diagnosis of bronchial dilatation disappeared or became less prevalent on the second CT.
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In general, a bronchus appears dilated if its diameter is greater than that of the associated artery. The explanations proposed to explain why a bronchus may be larger than its adjacent pulmonary artery, without indicating true bronchiectasis include the following: different branch points for the artery and bronchus, and local hypoxia leading to a decrease in the size of the artery 20, 21 . These considerations may explain the differences observed between the first and second CT in 2 of our patients. In the remaining patient, the disappearance of the localized dilation of the middle lobe bronchus might be related to the normalization of a reversible bronchial dilatation in a patient who had a documented pneumonia 8 months before the first CT.
Mucous-filled airways result from inflammation and decreased clearance of secretions. This is an expected abnormality in asthmatic patients, who have thick and tenacious mucus, and it represents a reversible abnormality 3, 6 . This abnormality was found on both scans in 2 of our patients and only on the second scan in a third patient.
Although one pathologic study suggested that the occurrence of emphysema in asthma was common 22 , the majority of the authors believe it to be rare 18, 19, 23 . Several reports have correlated the CT findings with pathologic assessment of emphysema and have concluded that the CT scan is useful in both the quantitative and qualitative assessment of emphysema 10, [24] [25] [26] . Studies using CT in the evaluation of emphysema in nonsmoking asthmatic subjects have demonstrated emphysema in 0 -20% of patients 1, 2, 4, 27 . A higher prevalence of emphysema has been reported in asthmatic patients who smoke 1, 2 . It has been suggested that emphysema in the nonsmoking asthmatic may not be due to a parenchymal destructive disease per se, but rather to an extensive peribronchial fibrosis that might relate to cicatricial emphysema 3 . The results of the present study are in accordance with the results reported by others.
Areas of decreased lung attenuation can sometimes be recognized on HRCT in patients who have diseases that produce air trapping, poor ventilation, or poor perfusion of the lung parenchyma 28 . This is particularly common in subjects with bronchiolitis obliterans 29 , leading to marked heterogeneity of lung density, with lobules of increased and decreased lung density that create a striking "mosaic" appearance 12 . The areas of decreased lung density are presumed to be due to air trapping, with associated reflex pulmonary oligemia. The areas of increased lung density are more difficult to explain. They may be due to redistribution of blood flow to more normal lung, with relative over-perfusion of the more normal areas 11, 30 . We observed a "mosaic" appearance in 3 of our patients. In all of them, this finding was unchanged in the follow-up CT, suggesting it to be an irreversible abnormality.
We conclude that chronic asthmatic patients have many abnormalities detected by HRCT. This study has demonstrated that those abnormalities that are thought to be suggestive of bronchiectasis are sometimes reversible. Therefore, the diagnosis of bronchiectasis by HRCT in asthmatic patients must be made with caution, since the bronchial dilatation can be reversible. Nonsmoking chronic asthmatic subjects in this study had no evidence of centrilobular or panacinar emphysema. Resultados: Alterações estruturais foram detectadas em todos os pacientes em ambas tomografias. A anormalidade mais comumente observada foi espessamento brônquico, presente em todos os pacientes nos dois exames. Bronquectasias foram sugeridas na primeira tomografia em cinco dos 14 (36%) pacientes, mas no segundo exame a dilatação brônquica tinha desaparecido em dois e reduzido em um. Enfisema paraseptal foi detectado em um paciente. Em três, havia padrão "em mosaico " no primeiro exame, que persistiu no segundo exame. Em dois pacientes foram detectadas áreas persistentes de impactação mucóide. Em um terceiro, a impactação foi observada somente na segunda tomografia.
RESUMO
Conclusões:
Pacientes com asma persistente apresentam múltiplas anormalidades na tomografia computadorizada de tórax de alta resolução. Imagens sugestivas de bronquectasias freqüentemente têm resolução espontâ-nea. Desta forma, é necessária precaução ao fazer o diagnóstico de bronquectasias através de tomografia computadorizada de tórax de alta resolução em pacientes asmáticos, uma vez que a dilatação brônquica pode ser reversível ou representar uma falsa dilatação. Enfisema centrilobular ou panacinar não foi detectado em nenhum paciente deste estudo.
DESCRITORES: Raio-X, tomografia computadorizada. Asma. Testes funcionais, pulmão. Doenças pulmonares, obstrutivas. Bronquectasias.
